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METHOD AND APPARATUS FOR ADJUSTING 
PIXEL VALUES 

RELATED APPLICATION 

[0001] This application hereby claims priority under 35 
U.S.C. §ll9 to US. Provisional Patent Application No. 
60/953,939 ?led 3 Aug. 2007, entitled “Method and Appara 
tus for Adjusting Pixel Values,” by inventors Gokhan 
Avkarogullari, William Bull, and Steven Huang. 

BACKGROUND 

[0002] 1. Field of the Invention 
[0003] The present invention relates to techniques for 
adjusting pixel values in an image to facilitate visual effects, 
such as transparency effects and fade-in/fade-out effects. 

[0004] 2. RelatedArt 
[0005] Advances in semiconductor technology have led to 
increases in processing poWer Which make it possible to ren 
der billions of pixels per second. As a result, visual effects in 
user interfaces, such as transparency effects and fade-in/fade 
out effects, are becoming increasingly more common. These 
visual effects are typically created by adjusting pixel values 
Within a frame. For example, if a transparency effect is 
desired, the alpha value (i.e., a transparency value) for each 
pixel is adjusted until the desired transparency level is 
achieved. Presently, such transparency effects are supported 
in hardWare. 

[0006] One hardware-supported technique for adjusting 
alpha values involves specifying an alpha value for the entire 
WindoW or object. Pixel values are then adjusted based on the 
alpha value for the WindoW. This technique is advantageous 
because the alpha value for all pixels in the WindoW is set once 
for the entire WindoW and does not need to be computed on a 
per-pixel basis. Unfortunately, only a limited range of visual 
effects can be achieved using this technique. For example, a 
time-varying transparency effect Which moves from left to 
right across an image cannot be produced using this tech 
nique. 
[0007] Another hardware-supported technique for adjust 
ing alpha values involves specifying an alpha value for each 
pixel Within a WindoW. The bene?t of this technique is that it 
is more ?exible and can be used to produce a Wider-range of 
visual effects than the above-described technique. Unfortu 
nately, this technique is computationally expensive because a 
neW alpha value must be calculated for each pixel for each 
frame. For example, consider a time-varying transparency 
effect Which moves from the left edge of the frame to the right 
edge of the frame over a given time interval. The alpha value 
must be calculated for each column of pixels for each time 
interval. For example, at t:0, all alpha values are set to l (i.e., 
fully opaque). At tIl, the alpha values in column 1 are set to 
0.95. At t:2, the alpha values in column 1 are set to 0.90 and 
the alpha values in column 2 is set to 0.95. At t:3, the alpha 
values in column 1 are set to 0.85, the alpha values in column 
2 is set to 0.90, and the alpha values in column 3 are set to 0.95 

(and so on). 
[0008] Another problem With existing hardWare techniques 
is that pixel operations require the in-memory pixel values to 
be modi?ed. This operation can permanently change the pixel 
values for the frame Which means that it is not possible to 
reverse the operation. 
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[0009] Hence, What is needed is a method and an apparatus 
for adjusting pixel values to produce visual effects in a frame 
to be displayed Without the problems described above. 

SUMMARY 

[0010] Some embodiments of the present invention provide 
a system that adjusts pixel values to produce visual effects in 
a frame to be displayed. For example, the system can be used 
to create transparency effects, fade-in/fade-out effects, color 
adjustments, brightness adjustments, and gamma correction. 
These corrections can be made on-the-?y Without modifying 
the pixel values stored in memory. 
[0011] In some embodiments, the system receives coordi 
nates and pixel-adjustment values for one or more control 
points Within the frame. Next, the system calculates pixel 
adjustment values for pixels in the frame based on the coor 
dinates and the pixel-adjustment values for the one or more 
control points. The system then applies the pixel-adjustment 
values to the pixels Within the frame and displays the frame. 
[0012] In some embodiments, While calculating pixel-ad 
justment values for the frame, for each degree-of-freedom 
Within the frame, the system interpolates pixel-adjustment 
values for the pixels betWeen the one or more control points. 
For each pixel, the system applies a function to the interpo 
lated pixel-adjustment values for each degree-of-freedom to 
generate a pixel-adjustment value for the pixel. 
[0013] In some embodiments, While interpolating the 
pixel-adjustment values, the system uses one or more of: a 
linear interpolation technique; a polynomial interpolation 
technique; a spline interpolation technique; and other inter 
polation techniques noW knoWn or later developed. 
[0014] In some embodiments, the function applied to the 
interpolated pixel-adjustment values comprises one or more 
of: addition; subtraction; multiplication; division; averaging; 
and other mathematical functions. 

[0015] In some embodiments, While applying the pixel 
adjustment values to the pixels Within the frame, the system 
applies the pixel-adjustment values as a mask to the frame. 

[0016] In some embodiments, if the mask is removed, the 
original pixel values for the frame are restored. 
[0017] In some embodiments, a control point comprises: a 
location of the control point Within the frame; and magnitudes 
of one or more pixel-adjustment values for the control point. 

[0018] In some embodiments, a pixel value comprises one 
or more of: an alpha value for an associated pixel; a luminance 
value for the associated pixel; chrominance values for the 
associated pixel; gamma-correction values for the associated 
pixel; and other pixel values for the associated pixel. 
[0019] In some embodiments, the control points are asso 
ciated With one or more WindoW objects. 

[0020] In some embodiments, prior to receiving one or 
more control points, the system de?nes control points Within 
the frame. 

[0021] Some embodiments provide a display mechanism 
Which comprises a receiver circuit, a pixel-adjustment-calcu 
lation circuit, and a pixel-adjustment circuit. The receiver 
circuit is con?gured to: receive a frame to be displayed from 
a memory and to receive coordinates and pixel-adjustment 
values for one or more control points Within the frame. Next, 
the pixel-adjustment-calculation circuit is con?gured to cal 
culate pixel-adjustment values for pixels in the frame based 
on the coordinates and the pixel-adj ustment values for the one 
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or more control points. Finally, the pixel-adjustment circuit is 
con?gured to apply the pixel-adjustment values to the pixels 
Within the frame. 
[0022] In some embodiments, the display unit further com 
prises an output driver circuit con?gured to drive a display 
With the pixel values for the frame. 
[0023] In some embodiments, the display unit further com 
prises a register set Which is con?gured to store one or more 
of: locations of control points Within the frame; magnitudes 
of one or more pixel-adjustment values; pointers to the frame 
in the memory; the dimensions of the frame; and a color 
format for the frame. 
[0024] In some embodiments, the display unit is a compo 
nent Within a computer system. In one embodiment, the com 
puter system is a portable computer system. 

BRIEF DESCRIPTION OF THE FIGURES 

[0025] FIG. 1A presents a block diagram of a system for 
adjusting pixel values Within a frame to be displayed in accor 
dance With an embodiment of the present invention. 
[0026] FIG. 1B presents a block diagram of the components 
Within a display unit in accordance With an embodiment of the 
present invention. 
[0027] FIG. 2A illustrates a transparency effect applied to 
objects in accordance With an embodiment of the present 
invention. 
[0028] FIG. 2B illustrates another transparency effect 
applied to objects in accordance With an embodiment of the 
present invention. 
[0029] FIG. 2C illustrates another transparency effect 
applied to objects in accordance With an embodiment of the 
present invention. 
[0030] FIG. 3A illustrates a control point Within a WindoW 
in accordance With an embodiment of the present invention. 
[0031] FIG. 3B illustrates another control point Within a 
WindoW in accordance With an embodiment of the present 
invention. 
[0032] FIG. 3C illustrates another control point Within a 
WindoW in accordance With an embodiment of the present 
invention. 
[0033] FIG. 3D illustrates tWo control points Within a Win 
doW in accordance With an embodiment of the present inven 
tion. 
[0034] FIG. 3E illustrates tWo other control points Within a 
WindoW in accordance With an embodiment of the present 
invention. 
[0035] FIG. 3F illustrates tWo other control points Within a 
WindoW in accordance With an embodiment of the present 
invention. 
[0036] FIG. 4 illustrates a number of control points at speci 
?ed points Within a WindoW in accordance With an embodi 
ment of the present invention. 
[0037] FIG. 5 presents a How chart illustrating the process 
of adjusting pixel values Within a frame to be displayed in 
accordance With an embodiment of the present invention. 

DETAILED DESCRIPTION 

[0038] The folloWing description is presented to enable any 
person skilled in the art to make and use the invention, and is 
provided in the context of a particular application and its 
requirements. Various modi?cations to the disclosed embodi 
ments Will be readily apparent to those skilled in the art, and 
the general principles de?ned herein may be applied to other 
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embodiments and applications Without departing from the 
spirit and scope of the present invention. Thus, the present 
invention is not limited to the embodiments shoWn, but is to 
be accorded the Widest scope consistent With the principles 
and features disclosed herein. 
[0039] The data structures and code described in this 
detailed description are typically stored on a computer-read 
able storage medium, Which may be any device or medium 
that can store code and/or data for use by a computer system. 
This includes, but is not limited to, volatile memory, non 
volatile memory, magnetic and optical storage devices such 
as disk drives, magnetic tape, CDs (compact discs), DVDs 
(digital versatile discs or digital video discs), or other media 
capable of storing computer readable media noW knoWn or 
later developed. 

Computer System 

[0040] FIG. 1A presents a block diagram of a system for 
adjusting pixel values in a frame to be displayed in accor 
dance With an embodiment of the present invention. The 
system includes, but is not limited to, processor 101, graphics 
processor 102, image decoder 103, video decoder 105, dis 
play unit 106, memory 104, and display 107. In some embodi 
ments, these components can be coupled to each other 
through bus 108. In some embodiments, bus 108 can include 
one or more of: point-to-point buses, shared buses, and any 
bus noW knoWn or later developed. 
[0041] In some embodiments, integrated circuit (IC) chip 
100 includes one or more of: processor 101, graphics proces 
sor 102, image decoder 103, video decoder 105, and display 
unit 106. 
[0042] Processor 101 can generally include any type of 
processor, including, but not limited to, a microprocessor, a 
mainframe computer, a digital signal processor, a personal 
organiZer, a device controller and a computational engine 
Within an appliance. 
[0043] Graphics processor 102 can include a dedicated pro 
cessor Which performs graphics operations on pixels. For 
example, graphics processor 102 can include, but is not lim 
ited to, a graphics processing unit (GPU). In one embodiment, 
graphics processor 102 performs graphics operations on a 
video signal. The video signal can generally include any 
signal to be displayed on display 107. For example, the video 
signal can include a movie, a digital photograph, or graphical 
user interface (GUI) objects. Memory 104 can include any 
type of memory, including but not limited to, dynamic ran 
dom access memory (DRAM), static random access memory 
(SRAM), ?ash memory, read only memory (ROM), and any 
other type of memory noW knoWn or later developed. 
[0044] In some embodiments, image decoder 103 decodes 
image data to produce pixel values for a frame to be dis 
played. For example, image decoder 103 can decode a JPEG 
image. In some embodiments, video decoder 105 decodes 
video data to produce pixel values for a frame to be displayed. 
For example, video decoder 105 can decode an MPEG movie. 
[0045] Display 107 can include any device Which can dis 
play the user interface for the system, including, but not 
limited to: a cathode ray tube (CRT) display, a liquid crystal 
display (LCD), a television display, a plasma display, a pro 
jector, and any display noW knoWn or later developed. 
[0046] Note that the system illustrated in FIG. 1A can 
include other components that are not shoWn. For example, 
the system can also include, but is not limited to, a netWork 
interface, I/ O ports, and a storage device. The netWork inter 
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face can include any type of interface that provides connec 
tivity betWeen a computer system and a network, including, 
but not limited to: a Wireless network interface, an Ethernet 
interface, and a phone netWork interface. The I/O ports can 
include one or more I/O ports, Wherein each port can include, 
but is not limited to, a serial port, a parallel port, a PS/2 port, 
a Universal Serial Bus (USB) port, a video graphics array 
(VGA) port, a Digital Visual Interface (DVI) port, a mini-DVI 
port, a High-De?nition Multimedia Interface (HDMI), a Dis 
playPort port, an Ethernet port, a modem port, or any other 
I/O port noW knoWn or later developed. The storage device 
can include any type of non-volatile storage device that can be 
coupled to a computer system. This includes, but is not lim 
ited to, magnetic, optical, and magneto-optical storage 
devices, as Well as storage devices based on ?ash memory 
and/ or battery-backed up memory. 

[0047] In some embodiments, IC chip 100 is part of a 
computer system Which can include, but is not limited to IC 
chip 100, memory 104, display 107, and a storage device. 
[0048] FIG. 1B presents a block diagram of the components 
Within display unit 106 in accordance With an embodiment of 
the present invention. Display unit 106 can include, but is not 
limited to, receiver circuit 109, pixel-adjustment-calculation 
circuit 110, pixel-adjustment circuit 111, and output driver 
circuit 112. Receiver circuit 109 is con?gured to receive a 
frame to be displayed from memory and to receive coordi 
nates and pixel-adjustment values for one or more control 
points Within the frame. Pixel-adjustment-calculation circuit 
110 is con?gured to calculate pixel-adjustment values for 
pixels in the frame based on the coordinates and the pixel 
adjustment values for the one or more control points. Pixel 
adjustment circuit 111 is con?gured to apply the pixel-adjust 
ment values to the pixels Within the frame. In some 
embodiments, the pixel-adjustment values are used to create 
a mask, Which is then applied to the frame to produce the 
desired visual effect. Output driver circuit 112 is con?gured 
to drive a display With the pixel values for the frame. 

[0049] In some embodiments, display unit 106 includes a 
set of registers (not shoWn). In some embodiments, the set of 
registers is con?gured to store one or more of: locations of 
control points Within the frame; magnitudes of one or more 
pixel-adj ustment values; pointers to the frame in the memory; 
the dimensions of the frame (or a subset of the frame); and a 
color format for the frame (or the subset of the frame). 
[0050] In some embodiments, one or more of the compo 
nents illustrated in FIG. 1B can be located on a separate 
module. Furthermore, the separate module can be located on 
or off of IC chip 100. 

[0051] In some embodiments, the components are located 
on a portable computer system such as a mobile phone, a 
personal digital assistant (PDA), or a laptop computer. 

Adjusting Pixel Values 

[0052] FIGS. 2A-2C illustrate WindoWs 201 and 202 Which 
are being displayed Within display 107 in accordance With an 
embodiment of the present invention. As illustrated, WindoW 
202 includes object 203. Object 204 is overlaid on top of 
WindoW 202. Note that in general, any number of WindoWs or 
objects can be displayed Within display 107. Furthermore, the 
WindoWs and/or objects can overlap With each other in any 
order. For example, a portion of (or all of) WindoW 201 can 
overlap WindoW 202 so that WindoW 201 obscures the over 
lapped portion of WindoW 202. 
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[0053] In some embodiments, the pixel values for the Win 
doWs and WindoW objects can be adjusted to produce visual 
effects. For example, a transparency effect can be applied to 
object 203 (Within WindoW 202) and object 204 (Which over 
laps and obscures a portion of WindoW 202) so that object 203 
can be seen through a semi-transparent object 204. This trans 
parency effect is illustrated in FIG. 2B. In FIG. 2C, the trans 
parency of object 204 is increased so that more of object 203 
can be seen through object 204. Note that other pixel values 
can be adjusted. In some embodiments, these other pixel 
values can include, but are not limited to, a luminance value, 
chrominance values, gamma-correction values, and any other 
pixel values. 
[0054] In some embodiments, complex visual effects can 
be achieved by using control points Within a WindoW or Win 
doW object to de?ne hoW pixel values are to be adjusted. 
FIGS. 3A-3F illustrate WindoWs 301 and 302, Which include 
objects 303 and 304, respectively. As illustrated in FIGS. 
3A-3F, WindoW 301 overlaps and obscures WindoW 302. In 
FIGS. 3A-3C, WindoW 301 is associated With a single control 
point Which is used to adjust the alpha value (i.e., transpar 
ency value) for pixels Within WindoW 301 from a value of 0 
(i.e., full transparency) to a value of l (i.e., full opacity). 
Although this example illustrates an alpha value of Zero at the 
left edge of WindoW 301 and an alpha value of one at the 
control point, the alpha values at the left edge and at the 
control point can be any value betWeen full opacity to full 
transparency. 
[0055] Note that WindoW 302 can also have its oWn control 
point for adjusting alpha values forpixels Within WindoW 302. 
Also note that the endpoints of the values can be values other 
than full transparency and full opacity. Furthermore, note that 
the discussion beloW is not limited to alpha values, but can 
equally apply to any pixel value (e.g., luminance, chromi 
nance, etc.). 
[0056] In some embodiments, the alpha values to the right 
of the control point illustrated in FIGS. 3A-3C are set to the 
same value as the control point (i.e., a value of l in these 
examples). In some other embodiments, the alpha values to 
the right of the control point are set to a speci?ed alpha value. 
In some embodiments, a function de?nes the alpha values to 
the right of the control value. In the discussion beloW, the 
alpha value is set so that it is l for all pixels to the right of the 
control point. 
[0057] In some embodiments, alpha values betWeen the left 
edge and the control point are interpolated based on the alpha 
value on the left edge and the control point. For example, 
linear interpolation can be used to generate the alpha values 
betWeen the left edge and the control point. In FIGS. 3A-3C, 
WindoW 301 is fully transparent on the left edge and the 
opacity of WindoW 301 increases linearly until it is fully 
opaque at the control point. Thus, object 304 Within WindoW 
302 is obscured more and more by object 303 Within WindoW 
301 until object 304 cannot be seen anymore at the control 
point. 
[0058] In some embodiments, the control point can be 
moved in subsequent frames to produce a desired visual 
effect. For example, to gradually make object 304 Within 
WindoW 302 visible through WindoW 301 (and object 303), 
the control point can be moved to the right in subsequent 
frames (e.g., see FIGS. 3A-3C). 
[0059] In some embodiments, the pixel-adj ustment value at 
the control point can be changed to produce a desired effect. 
For example, the alpha value for the control point can be 
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changed so that object 303 Within WindoW 301 oscillates from 
being more opaque to more transparent. 
[0060] Note that as WindoW 301 (and object 303) becomes 
more transparent, more of the background color can be seen 
through WindoW 301 (e.g., the colors in WindoW 302 are 
blended With the colors for WindoW 301). 
[0061] Note that the control points can be located anyWhere 
Within WindoW 301. For example, the control point can be 
located on the left edge of WindoW 301. Also note that the line 
formed by the control point can be in any orientation. For 
example, the line can be horiZontal, vertical, or in an orien 
tation de?ned by a function. 
[0062] In some embodiments, multiple control points can 
be used to adjust pixel values in a WindoW. For example, three 
control points can be used in WindoW 301: a 0 control point at 
the left edge of WindoW 301, a 0 control point at the right edge 
of WindoW 301, and a 1 control point in betWeen the tWo Zero 
control points. As before, the alpha values betWeen the con 
trol points can be determined by a mathematical function, or 
speci?ed explicitly. 
[0063] In some embodiments, each control point is associ 
ated With a color value. In these embodiments, a speci?ed 
function is used to determine the color values betWeen the 
control points. For example, a linear function can be used. 
Hence, a gradient effect can be produced betWeen each pair of 
control points (e.g., a gradient from grey to black, etc.). Note 
that multiple visual effects can be applied at the same time. 
For example, a transparency effect and a gradient effect can 
both be applied to WindoW objects at the same time. 
[0064] FIGS. 3D-3F illustrate another technique for using 
multiple control points to adjust pixel values in a WindoW. 
Although FIGS. 3D-3F illustrate a straight line betWeen the 
tWo control points, any function Which de?nes a line that 
passes through the tWo control points can be used. Also note 
that the control points can be located anyWhere Within a 
WindoW. 
[0065] In some embodiments, the control points can be 
moved in subsequent frames to produce a desired visual 
effect. For example, to gradually make object 304 Within 
WindoW 302 visible through WindoW 301 (and object 303), 
the control point can be moved to the right in subsequent 
frames (e.g., see FIGS. 3D-3F). 
[0066] FIG. 4 illustrates a number of control points at speci 
?ed locations Within WindoW 400 of Width Wand height H in 
accordance With an embodiment of the present invention. 
Note that although FIG. 4 illustrates control points on the 
edges of WindoW 400, the control points can be located any 
Where Within WindoW 400. WindoW 400 includes ?ve control 
points A, B, C, D, and E. Each control point includes a 
coordinate Within WindoW 400 and a pixel-adjustment value. 
In some embodiments, one or more of the coordinate and the 
pixel-adjustment value for the control point can be changed. 
Control points A and B are separated by a distance of W1. 
Control points B and C are separated by a distance of W2. 
Control points A and D are separated by a distance of H1. 
Control points D and E are separated by a distance of H2. 
[0067] In some embodiments, pixel-adjustment values for 
the pixels betWeen the control points are interpolated. In some 
embodiments, the interpolation technique can include one or 
more of: a linear interpolation technique; a polynomial inter 
polation technique, and other interpolation techniques noW 
knoWn or later developed. For the sake of clarity, a linear 
interpolation technique is described beloW. HoWever, any 
other interpolation technique can be used. 
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[0068] In some embodiments, if there is more than one 
degree-of-freedom, pixel-adjustment values are calculated 
for each degree of freedom. In FIG. 4, there are tWo degrees 
of-freedom (roWs and columns), and thus, pixel-adjustment 
values are calculated for the roWs and columns. For a linear 

interpolation technique, a pieceWise-linear point-slope func 
tion can be used to interpolate the pixel-adjustment values for 
a given pixel Within the frame. The slope can be determined 
from pixel-adjustment values and the coordinates of the 
pixel-adjustment values for the corresponding control point 
pairs (e.g., A-B, B-C, A-D and D-E). 
[0069] The folloWing is an exemplary implementation for 
the example illustrated in FIG. 4. For each roW, the alpha 
value for a given roW (arow) can be calculated as folloWs: 

Where a given control point Q includes a coordinate (Qx, Qy) 
and an alpha value (xQ. 

[0070] Note that in equations (l)-(2), if the previous arow 
values (aprevr) are maintained When calculating the next arow 
value, the equations (1) and (2) simply become: 

row’aprevr 

row’aprevr 

Hence, the calculation of arow only involves addition opera 
tions (i.e., no multiplication operations). 
[0071] S1, S2, S3, and S4 are de?ned as folloWs: 

S1 : 11B — 11A (6) 

W1 

S2 : 11c — 11B (7) 

W2 

_ ‘1A _ ‘1D (3) 

S3 — hl 

_ ‘1D _ ‘IE (9) 

S4 _ k2 

In some embodiments, S1, S2, S3, and S 4 are calculated once 
for each WindoW and stored for use in subsequent calcula 
tions. 

[0072] For each column, the alpha value for a given column 
(aw-x81) is calculated as folloWs: 

(1Col:OLA+Sl'X, if AX<x<BX (10) 

aml:aD+S2-(x—Bx), if Z?,C<x<C,C (11) 

(1601:0112, if Cx<x (12) 

[0073] Note that in equations (10)-(1 1), if the previous otcoZ 
values (aprevc) are maintained When calculating the next otcoZ 
value, the equations (10) and (11) simply become: 

Hence, the calculation of otcoZ only involves addition opera 
tions (i.e., no multiplication operations). 



US 2009/0033689 A1 

[0074] For each pixel, the alpha value for a given pixel 
(aw-x81) can be calculated as follows: 

mm, + am (15) 
11pm! = f 

[0075] Note that any other combination of (x60 1 and draw can 
be used. In some embodiments, for each pixel, a function is 
applied to the interpolated pixel-adjustment values for each 
degree-of-freedom to generate a pixel-adjustment value for 
the pixel. For the example illustrated in FIG. 4, there are tWo 
degrees-of-freedom (roWs and columns); thus, a function is 
applied to the roW pixel-adjustment value and the column 
pixel-adjustment value for each pixel. In some embodiments, 
the function can include, but is not limited to, addition, sub 
traction, multiplication, division, averaging, and any other 
mathematical functions. 
[0076] In some embodiments, the pixel-adjustment values 
are applied to the pixels in the WindoW as a mask. Hence, the 
original pixel values for the frame are not modi?ed. Thus, if 
the mask is removed, the original pixel values for the frame 
are restored. 

[0077] FIG. 5 presents a How chart illustrating the process 
of adjusting pixel values Within a frame to be displayed in 
accordance With an embodiment of the present invention. The 
process begins When the system receives coordinates and 
pixel-adjustment values for one or more control points Within 
the frame (step 502). For each degree-of-freedom Within the 
frame, the system interpolates pixel-adj ustment values for the 
pixels betWeen the one or more control points (step 504). For 
each pixel, the system applies a function to the interpolated 
pixel-adjustment values for each degree-of-freedom to gen 
erate a pixel-adjustment value for the pixel (step 506). The 
system applies the pixel-adjustment values to the pixels 
Within the frame (step 508) and displays the frame (step 510). 
[0078] In some embodiments, the system can be imple 
mented in hardWare. For example, the system can be incor 
porated into display unit 106. In other embodiments, the 
system can be implemented in softWare. 
[0079] The foregoing descriptions of embodiments of the 
present invention have been presented only for purposes of 
illustration and description. They are not intended to be 
exhaustive or to limit the present invention to the forms dis 
closed. Accordingly, many modi?cations and variations Will 
be apparent to practitioners skilled in the art. Additionally, the 
above disclosure is not intended to limit the present invention. 
The scope of the present invention is de?ned by the appended 
claims. 

What is claimed is: 
1. A method for adjusting pixel values Within a frame to be 

displayed, comprising: 
receiving coordinates and pixel-adjustment values for one 

or more control points Within the frame; 
calculating pixel-adjustment values for pixels in the frame 

based on the coordinates and the pixel-adjustment val 
ues for the one or more control points; 

applying the pixel-adjustment values to the pixels Within 
the frame; and 

displaying the frame. 
2. The method of claim 1, Wherein calculating pixel-ad 

justment values for the frame involves: 
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for each degree-of-freedom Within the frame, interpolating 
pixel-adjustment values for the pixels betWeen the one 
or more control points; and 

for each pixel, applying a function to the interpolated pixel 
adjustment values for each degree-of-freedom to gener 
ate a pixel-adjustment value for the pixel. 

3. The method of claim 2, Wherein interpolating the pixel 
adjustment values involves using one or more of: 

a linear interpolation technique; 
a polynomial interpolation technique; and 
a spline interpolation technique. 
4. The method of claim 2, Wherein the function applied to 

the interpolated pixel-adjustment value comprises one or 
more of: 

addition; 
subtraction; 
multiplication; 
division; 
averaging; and 
other mathematical functions. 
5. The method of claim 1, Wherein applying the pixel 

adjustment values to the pixels Within the frame involves 
applying the pixel-adjustment values as a mask to the frame. 

6. The method of claim 5, Wherein if the mask is removed, 
the original pixel values for the frame are restored. 

7. The method of claim 1, Wherein a control point com 
prises: 

a location of the control point Within the frame; and 
magnitudes of one or more pixel-adjustment values for the 

control point. 
8. The method of claim 1, Wherein a pixel value comprises 

one or more of: 

an alpha value for an associated pixel; 
a luminance value for an associated pixel; 
chrominance values for an associated pixel; and 
gamma-correction values for an associated pixel. 
9. The method of claim 1, Wherein the control points are 

associated With one or more WindoW objects. 
10. The method of claim 1, Wherein prior to receiving one 

or more control points, the method further comprises de?ning 
control points Within the frame. 

11. A display unit, comprising: 
a receiver circuit con?gured to: 

receive a frame to be displayed from a memory; and 
receive coordinates and pixel-adjustment values for one 

or more control points Within the frame; 
a pixel-adjustment-calculation circuit con?gured to calcu 

late pixel-adjustment values for pixels in the frame 
based on the coordinates and the pixel-adjustment val 
ues for the one or more control points; and 

a pixel-adjustment circuit con?gured to apply the pixel 
adjustment values to the pixels Within the frame. 

12. The display unit of claim 11, further comprising an 
output driver circuit con?gured to drive a display With the 
pixel values for the frame. 

13. The display unit of claim 11, further comprising a 
register set, Wherein the register set is con?gured to store one 
or more of: 

locations of control points Within the frame; 
magnitudes of one or more pixel-adjustment values; 
pointers to the frame in the memory; 
the dimensions of the frame; 
the dimensions for a subset of the frame; 
a color format for the frame; and 
a color format for a subset of the frame. 
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14. A system, comprising: 
a memory; and 
a display unit, comprising: 

a receiver circuit con?gured to: 
receive a frame to be displayed from a memory; and 
receive coordinates and pixel-adjustment values for 

one or more control points Within the frame; 
a pixel-adjustment-calculation circuit con?gured to cal 

culate pixel-adjustment values for pixels in the frame 
based on the coordinates and the pixel-adjustment 
values for the one or more control points; and 

a pixel-adjustment circuit con?gured to apply the pixel 
adjustment values to the pixels Within the frame. 

15. The system of claim 14, Wherein the system is a por 
table device. 

16. The system of claim 14, further comprising one or more 
of: 

a central-processing unit coupled to the bus; 
a graphics-processing unit coupled to the bus; 
a video decoder coupled to the bus; and 
an image decoder coupled to the bus. 
17. The system of claim 14, further comprising a display 

coupled to the display unit, Wherein the display is con?gured 
to display the frame. 

18. A computer-readable storage medium storing instruc 
tions that When executed by a computer cause the computer to 
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perform a method for adjusting pixel values Within a frame to 
be displayed, Wherein the method comprises: 

receiving coordinates and pixel-adjustment values for one 
or more control points Within the frame; 

calculating pixel-adjustment values for pixels in the frame 
based on the coordinates and the pixel-adjustment val 
ues for the one or more control points; 

applying the pixel-adjustment values to the pixels Within 
the frame; and 

displaying the frame. 
19. The computer-readable storage medium of claim 18, 

Wherein calculating pixel-adjustment values for the frame 
involves: 

for each degree-of-freedom Within the frame, interpolating 
pixel-adjustment values for the pixels betWeen the one 
or more control points; and 

for each pixel, applying a function to the interpolated pixel 
adjustment values for each degree-of-freedom to gener 
ate a pixel-adjustment value for the pixel. 

20. The computer-readable storage medium of claim 19, 
Wherein interpolating the pixel-adjustment values involves 
using one or more of: 

a linear interpolation technique; 
a polynomial interpolation technique; and 
a spline interpolation technique. 

* * * * * 


